UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
Washington, DC 20460
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AUTHENTICATION

I, Lynn Vendinello, attest that [ am the Director of the Communications Services and
Information Division, Office of Program Support of the United States Environmental Protection
Agency (EPA) and that the attached documents are true, correct, and compared copies of the file copies
in my legal custody, consisting of:

1. December 3, 1986. EPA OPPTS-62036 Docket B6-372: Abex Corp., R. Nelson. American
Society of Mechanical Engineers Conference in Washington, D.C. Transcribed conversation
with R. Hollander, ICF, Inc. (18 pages). This document is also identified by the following other
docket entries:

e December 3, 1986. EPA OPPTS-62036 Docket B6-381. Ford Motor Co. A. Anderson.
American Society of Mechanical Engineers Conference in Washington, D.C. Transcribed
conversation with R. Hollander, ICF, Inc. (18 pages).

e December 3, 1986. EPA OPPTS-62036 Docket B6-386. GM Corp. P Vernia. American
Society of Mechanical Engineers Conference in Washington, D.C. Transcribed conversation
with R. Hollander, ICF, Inc. (18 pages).

e December 3, 1986. EPA OPPTS-62036 Docket B6-387: General Motors Inst. S. Gratch.
American Society of Mechanical Engineers Conference in Washington, D.C. Transcribed
conversation with R. Hollander, ICF, Inc. (18 pages).

e December 3, 1986. EPA OPPTS-62036 Docket B6-394: Lyndon B. Johnson Space Center. J.
McCullough.. American Society of Mechanical Engineers Conference in Washington, D.C.
Transcribed conversation with R. Hollander, ICF, Inc. (18 pages).

e December 3, 1986. EPA OPPTS-62036 Docket B6-395: Massachusetts Institute of
Technology (MIT). E. Rabinowicz. American Society of Mechanical Engineers Conference
in Washington, D.C. Transcribed conversation with R. Hollander, ICF, Inc. (18 pages).

2. EPA OPPTS-62036 Docket B6-373: Allied Automotive, E. Rogers. Troy, NY. Transcribed
telephone conversation with R. Hollander, ICF, Inc. Missing telephone log (5 pages).

3. April 15, 1987. EPA OPPTS-62036 Docket B6-374 (see B2b-10): ASME. Final Report on
Analyses of the Feasibility of Replacing Asbestos in Automobile and Truck Brakes. Prepared for
ETD, OPTS, USEPA (104 pages).

4. June 27, 1986. EPA OPPTS-62036 Docket B6-375 (see E-20a): Automobile Importers of
America. Comments of Automobile Importers of America on Proposed Asbestos Ban Rule (7
pages).

5. June 26, 1987. EPA OPPTS-62036 Docket B6-376: Battelle Columbus Labs, S. Barber.
Transcribed telephone conversation with M. Geschwind, ICF, Inc. (3 pages).

6. May 2, 1988. EPA OPPTS-62036 Docket B6-377: Brake Systems Inc., S. Mayo. Transcribed
with R. Hollander, ICF, Inc. Missing telephone log (5 pages).

7. October 17, 1986. EPA OPPTS-62036 Docket B6-378: Carlisle, R. Tami. Transcribed telephone
conversation with R. Hollander, ICF, Inc. (2 pages).
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November 4, 1986. EPA OPPTS-62036 Docket B6-379: Chrysler Corp., M. Heitkamp.
Transcribed telephone conversation with R. Hollander, ICF, Inc. (1 page).

March 26, 1984. EPA OPPTS-62036 Docket B6-380: Design News, S. Scott. "Asbestos
Substitutes in Friction Applications” (5 pages).

July 2, 1986. EPA OPPTS-62036 Docket B6-382 (see E-46). Ford Motor Co. Comments of Ford
Motor Co. on Proposed Asbestos Ban Rule (3 pages).

November 19, 1986. EPA OPPTS-62036 Docket B6-384: GM Corp., F. Brookes. Transcribed
telephone conversation with R. Hollander, ICF, Inc. (3 pages).

June 29, 1986. EPA OPPTS-62036 Docket B6-385 (see E-50c with E-50 and E-50b): GM Corp.
Comments of General Motors Corp. on Proposed Asbestos Ban Rule (541 pages).

July 21, 1986. EPA OPPTS-62036 Docket B6-396 (see E-92). Original Quality, Inc. Comments
of Original Quality, Inc. on Proposed Asbestos Ban Rule (2 pages).

October 23, 1986. EPA OPPTS-62036 Docket B6-397 (see N2-15). PEI Associates, Asbestos
Product Manufacturers, OTS. Survey of Asbestos OPTS, USEPA (141 pages).

November 21, 1986. EPA OPPTS-62036 Docket B6-398: Saab-Scania of America, D. Rainey.
Transcription (1 page).

December 5, 1986. EPA OPPTS-62036 Docket B6-401: Wagner Corp., F. Hayes. Transcribed
telephone conversation with R. Hollander, ICF, Inc. (1 page).

July 10, 1987. EPA OPPTS-62036 Docket B6-448: Allied Automotive, B. Bush. Transcribed
telephone conversation with M. Geschwind, ICF, Inc. (1 page).

July 10, 1987. EPA OPPTS-62036 Docket B6-452: Carlisle, Motion Control Industries Division,
R. Tami. Transcribed telephone conversation with M. Geschwind, ICF, Inc. (1 page).

November 26, 1986. EPA OPPTS-62036 Docket B6-457: Frieghtliner Corp., T. Robinson,
November Transcribed telephone R. Hollander, ICF, Inc. (1 page).

October 9, 1986. EPA OPPTS-62036 Docket B6-457.1: Friction Products, D. Cramer.
Transcribed telephone conversation with R. Hollander, ICF, Inc. (1 page).

October 30, 1986. EPA OPPTS-62036 Docket B6-472: Deere and Co., R. Grotelueschen.
Moline, IL. Transcribed telephone conversation with R. Hollander, ICF, Inc. (3 pages).
November 20, 1986. EPA OPPTS-62036 Docket B6-492: Borg-Warner, T. Longtin. Transcribed
telephone conversation with R. Hollander, ICF, Inc. (1 page).

December 15, 1986. EPA OPPTS-62036 Docket B6-500: Mead Corp., L. McDonnold.
Transcribed telephone conversation with R. Hollander, ICF, Inc. (1 page).

March 26, 1986. EPA OPPTS-62036 Docket B6-501 (see E-102a): Raymark Corp. Comments of
Raymark Corp. on Proposed Asbestos Ban Rule (1 page).

July 12, 1986. EPA OPPTS-62036 Docket E-8: Arent, Fox, Kintner, Plotkin & Kahn Counsel for
Abex Corp. M/C Cover letter with enclosure: (1) Response of Abex corp. to Proposed U.S.
Environmental Protection Administration Rule-Proposal of January 23, 1986 (17 pages).

June 26, 1986. EPA OPPTS-62036 Docket E-29 parts 1 and 2: Chrysler corp. M/C Cover letter:
(1) Comments by Chrysler corp. on Docket Control Number OPTS and (2) Letter from RO
Sornsen, Chrysler To TSCA Public Info. Office re: Proposed Prohibition on Use of Asbestos in
Motor Vehicle Brake Linings (OPTS-211015) (03/13/85) (8 pages).

June 24, 1986. EPA OPPTS-62036 Docket E-35a: Deere & Co. Letter from R.D. Grotelveschen.
Plan to provide comments (2 pages).

July 3, 1986. EPA OPPTS-62036 Docket E-35b: M/C cover letter for Deere & Co. comments -
Docket No. OPTS-62036 Asbestos; Proposed Manufacturing, Importation and Processing
Prohibitions (40 CFR Part 763) (1 page).

June 26, 1986. EPA OPPTS-62036 Docket E-46: Ford Motor Co. Letter from H. Sussman RE:
Asbestos Warning Label for Clutch Plates (3 pages).
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June 19, 1986. EPA OPPTS-62036 Docket E-58: American Honda Motor Co. Letter from B. Gill
M/C cover letter with enclosure: comment of Honda Motor Co., Ltd. Regarding EPA's Proposal
to Prohibit the Manufacture, Importation, and Processing of Asbestos in Certain Products and to
Phase-out the Use of Asbestos in All Other Products (3 pages).

June 30, 1986. EPA OPPTS-62036 Docket E-71: Mercedes-Benz of North America, Inc. Letter
from K.H. Faber M/C cover letter with enclosure:Submission of Mercedes-Benz of North
America, Inc. to the Environmental Protection Agency (7 pages).

May 21, 1986. EPA OPPTS-62036 Docket E-146: Volkswagen of America, Inc. Letter with
comments from W. Groth (3 pages).

July 16, 1986. EPA OPPTS-62036 Docket J2.2: General Motors Corp. (a) Opening Remarks by
Joseph P. Chu, GM Environmental Activities staff. (July 16, 1986), (b) Testimony by Robert L.
LeFevre, Manager, Automotive Safety Engineering (July 16, 1986), (c) Closing Remarks by
Joseph P. Chu, GM Environmental Activities staff, (d) Statement for the Public Hearing by W.H.
Krebs, Director, Toxic Materials Control Activity (14 pages).

July 24, 1986. EPA OPPTS-62036 Docket J8.2: Exhibit 1 Motor Vehicle Manufacturers
Association. Testimony of Fred Bowditch, Vice President, Technical Affairs (5 pages).
November 29, 1984. EPA OPPTS-62036 Docket N1-7a(3) parts 1 and 2: (1) Asbestos
Information Assn. letter from E.W. Warren to J.A. Moore and A.J. Barnes Subject: Argument
Against a TSCA Ban on Asbestos; Request for Further Meeting with EPA, and (2) General
Motors Corp. statement on Asbestos in Brake Systems. (April 17, 1985) (9 pages).

March 9, 1988. EPA OPPTS-62036 Docket NN3-5. EPA’s John Rigby and Lynda Priddy
Meeting with Representatives of Ibiden Co. Ltd. and Mitsui & Co. (U.S.A.) RE: Asbestos
Demand in Japan. John Rigby Memo to The Record (2 pages).

October 4, 1988. EPA OPPTS-62036 Docket NN4-15: Telephone Conversation between W.
Roberts and T. Buchanan et al, Bendix Corp. Subject: Demand for Asbestos Products in
Aftermarket (1 page).

October 4, 1988. EPA OPPTS-62036 Docket NN4-16: Telephone Conversation between W.
Roberts and B. Tami, Carlisle. Subject: Development of Non-Asbestos Products (1 page).
October 4, 1988. EPA OPPTS-62036 Docket NN4-17: Telephone Conversation between W.
Roberts and A.C. Dulaney, Standco Industries Subject: Asbestos Brake Products (1 page).
October 5, 1988. EPA OPPTS-62036 Docket NN4-18: Memo from W. Roberts to Lear Steigler
Corp (1 page).

October 10, 1988. EPA OPPTS-62036 Docket NN4-20: Telephone Conversation between M.
Wagner and B. Tami, Carlisle. Subject: Brake Blocks (2 pages).

October 11, 1988. EPA OPPTS-62036 Docket NN4-21: Telephone Conversation between M.
Wagner and J. Shepard, Abex Corp. Subject: Brakes (2 pages).

EPA OPPTS-62036 Docket NN4-22: Telephone Conversation between W. Roberts and L.
Williams, Raymark Corp. Subject: Friction Products (10/11/88) (1 page).

September 8, 1988. EPA OPPTS-62036 Docket NN4-27: Memo from J. Rigby to the record.
Subject: July 12, 1988 Meeting between EPA and NHTSA, USDOT Re: Friction Products and
NHTSA Rulemaking to Revise Brake Safety Standards (3 pages).

September 9, 1988. EPA OPPTS-62036 Docket NN4-28: Memo from J. Rigby to the record.
Subject: January 12, 1988 Meeting between EPA and NHTSA [USDOT] Re: Friction Brakes (2
pages).

September 9, 1988. EPA OPPTS-62036 Docket NN4-29: Memo from J. Rigby to the record.
Subject: July 15, 1988 Meeting between EPA and NHTSA [USDOT] Re: Friction Products
Producers (1 page).
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October 14, 1988. EPA OPPTS-62036 Docket NN4-31: Memo from J. Rigby to the record.
Subject: TSCA Phone Logs, Transmittal of 9 Logs, between ICF and Asbestos Friction Product
Producers (13 pages).

October 12, 1988. EPA OPPTS-62036 Docket NN5-4: ICF, Inc. Telephone conversation
between Roberts and Joel Charm, Allied Corporation. Subject: Asbestos Brakes (1 page).
October 12, 1988. EPA OPPTS-62036 Docket NN5-5: Telephone conversation between W.
Roberts and P. Fried, Champion Auto stores. Subject: Asbestos Brakes (2 pages).

October 12, 1988. EPA OPPTS-62036 Docket NN5-6: Telephone conversation between M.
Wagner and T. Kovtan, NAPA. Subject: Asbestos Brakes (1 page).

October 12, 1988. EPA OPPTS-62036 Docket NN5-7: Telephone conversation between M.
Wagner and R. Pittman, Ozark Automotive Distributors. Subject: Asbestos Brakes (1 page).
October 12, 1988. EPA OPPTS-62036 Docket NN5-8: Telephone conversation between M.
Wagner and J. White, Rayloc. Subject: Asbestos Brakes (2 pages).

October 13, 1988. EPA OPPTS-62036 Docket NN5-9: Telephone conversation between M.
Wagner and P. Spade, American Auto Parts systems (APS). Subject: Asbestos Brakes (1 page).
October 13, 1988. EPA OPPTS-62036 Docket NN5-10: Telephone conversation between M.
Wagner and D. Orovitz, Allied Aftermarket, Division of Bendix. Subject: Asbestos Brakes (1
page).

October 13, 1988. EPA OPPTS-62036 Docket NN5-11: Telephone conversation between W.
Roberts and D. Peterson, Seig-Rockford. Subject: Asbestos Brakes (1 page).

October 13, 1988. EPA OPPTS-62036 Docket NN5-12: Telephone conversation between W.
Roberts and J. Beasley, TPS, Inc. Subject: Asbestos Brakes (1 page).

October 17, 1988. EPA OPPTS-62036 Docket NN5-13: Telephone conversation between M.
Wagner and J. Demko, Echlin Corp. -- Brake systems Subject: Asbestos Brakes (2 pages).

Subscribed under the penalty of perjury on this 17 day of May, 2023.

%V@M

Lynn Vendinello, Director
Communications Services and Information
Division Office of Program Support



CERTIFICATION OF TRUE COPY

I, Jennifer Clark, certify that [ am the Associate General Counsel, General Law Office,
Office of General Counsel, of the United States Environmental Protection Agency; that [ am the
designee of the General Counsel for the purpose of executing certifications under 40 C.F.R. sec.
2.406; that I have duties in Washington, District of Columbia; and that the official whose signature
appears above has legal custody pursuant to 40 C.F.R. sec. 2.406 of the original documents, copies of
which are attached, as witnessed by my signature and the official seal of the United States

Environmental Protection Agency.
Digitally signed by Clark,
CIarkl Jennifer

. Date: 2023.05.18 14:25:15
Jennifer onth

Jennifer Clark
Associate General Counsel General

Law Office
Office of General Counsel




m__*’.A i ) F%hik; A%A&;Zéfﬁ /h”es jéﬁp )?&1
h g AomE medtbaq m Myﬁn
™m 12/3/8¢ (77 |
" 572
QV( @X INVITED PARTICIPANTS é 20 %

: Ny EXPERT PANEL ON ALTERNATIVES TO ASBESTOS IN BRAKES
‘/\3

s Nofember 5, 1986
0. A - B -372
479 (e *c:é |

Mr. Arnold E. Anderson ’ el M herd’ voaice NI A BlsE
Ford Motor Co. EMS .
SRL E-1152 23437 -159
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Dr. L. S. (Skip) Fletcher CHAIRMAN ZZQ)
Associate Director

Texas Engrg. Experiment Station

The Texas A&M University System

301 Engineering Research Center

College Station, TX 77843
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Mr. John Fobian
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American Automobile Association
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Dr; Serge Gratch
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Mr. Robert Nelson - ﬂ uogf Qé/é’/ 775
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Invited Participants - page 2

Dr. Michael J. Rabins )
Assoc. Dean-Graduate Engrg. Programs
"Wayne State University

731 Science Library T
Detroit, MI 48202

(313) 577-3861

Mr. Richard Radlinski
Vehicle Stability & Control Branch
U.S. Dept. of Transportation
( P.O. Box 37
East Liberty, OH 43319
(513) 666-4511

Mr. Peter Vernia

Metallurgy Dept. @ﬂFf
GM Research Laboratories 3 g;/o

30500 Mound Road T
Warren, MI 48090-2055
(313) 986-1010
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Fairfax. Virginia
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MEMORANDUM t}%ﬁi?
TO : The Record Aéﬂc;'CQZQ2j22L

FROM : Michael Geschwind £ /ﬁ}
Peter Tzanetos
Frank Arnold \? 7‘?
o 471
SUBJECT : Missing Telephone Logs for the Asbestos RIA Lf;f 9{

“
This memorandum discusses the nine missing telephone logs mentioned:%;
the April 26th memorandum to Christine Augustyniak and Joni Repasch. After
analyzing the RIA, we have concluded the following non-CBI information was
based on each telephone log:

1. Ertel Engineering (Reference #175)

Ertel Engineering discontinued the use of asbestos in the production of
paper filters in 1985,

2. Marley Cooling Tower Company (Reference #180)

Marley Cooling Tower Company no longer manufactures asbestos fill for
cooling towers in the United States. Several products available as
substitutes for asbestos cooling tower fill have limited application due to
specific disadvantages. Wood is not an adequate substitute because it is not
economically feasible to manufacture it in the sheet forms required for
cooling tower fill. Portland cement reinforced with mineral and cellulose
fibers is presently under development as a substitute, but currently is only
available in limited shapes and at high cost.

—

3. Allied Automotive (Reference #373, 404, 434, and 447)

In light and medium vehicles, the lining segments of drum brakes are
usually a third of an inch thick or less and are called drum brake linings;
however, in heavy vehicles such as heavy trucks and off-road vehicles, the
drum brake linings are at least three-quarters of an inch thick and are called
brake blocks instead of drum brake linings.

Brake linings are either bonded (glued) or riveted onto the brake shoe.
Bonded brake linings have greater frictional surface area than riveted
linings, but riveted linings are quieter.

Allied Automotive has two plants, one in Cleveland, TN and the other in
Green Island, NY, both of which manufacture asbestos and non-asbestos drum
brake linings. Allied Automotive also produces semi-metallic drum brake



linings.

Asbestos drum brake linings account for approximately 90-95 percent of
OEM sales and almost 100 percent of aftermarket sales.

Allied Automotive estimates that 18 percent of its 1986 drum brake lining
production will be non-asbestos. Producers of brake linings are highly averse
to the risk that could be associated with new substitutes. The risk is
magnified when a major brake system redesign is required for a substitute
lining.

Semi-metallic disc brakes are already used on the front wheels of 85
percent of all new light/medium vehicles. Furthermore, some luxury import
cars are now equipped with four semi-metallic disc brakes.

Replacement of asbestos-based drum brake linings in the aftermarket is
much more difficult than in the original equipment maarket (OEM). Brake
systems designed for asbestos lining should continue to use asbestos linings.
Substitute lining formulations that are designed for the OEM, when used to
replace worn asbestos linings, do not perform as well as asbestos and could
jeopardize brake safety.

Disc brake pads are either bonded (glued) or riveted onto the steel plate
in a disc brake. Bonded disc brake pads have greater frictional surface area
than riveted pads, but riveted pads are quieter.

Semi-metallic disc brake pads are molded products containing chopped
steel wool, sponge iron, graphite powder, fillers, and resins. Some semi-
metallic pads contain a very thin asbestos-containing backing, or underlayer,
between the steel plate and the pad. Other semi-metallic pads have no
underlayer or have one made of a non-asbestos material. The underlayer acts
as a thermal barrier between the pad and plate, and helps to bond the pad to
the plate. Producers of disc brake pads generally do not consider semi-
metallic pads with the asbestos underlayer to be asbestos pads because the
lining itself contains no asbestos and the underlayer is only a very small
percentage of the total content of the pad. Substitutes for the thin asbestos
underlayer in some semi-metallic pads include either no underlayer or a
chopped fiberglass or Kevlar(R) underlayer, depending on the application. The
substitutes for the asbestos underlayer perform just as well as the asbestos
underlayer.

Semi-metallic disc brake pads perform better at higher temperatures than
asbestos-based disc brake pads and have a longer service life. In general, at
lower temperatures asbestos-based pads perform better than semi-metallics, and
are quieter. Front-wheel drive vehicles, which have greater brake load in the
front (and thus generate more brake heat in the front) than real-wheel drive
vehicles, exclusively use semi-metallic disc brakes in the front.

Currently, asbestos probably holds no more than 15 percent of the OEM for
disc brake pads for light/medium vehicles, and the balance (85 percent) is
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nearly all semi-metallics. By 1990, asbestos will be almost completely
replaced in the disc brake pad OEM, given the trend towards 100 percent front-
wheel drive light/medium vehicles.

Replacement of asbestos pads in the aftermarket is much more difficult
than in the OEM. Brakes systems designed for asbestos pads should continue to
use asbestos. Semi-metallic pads which were designed for the OEM, when used
to replace worn asbestos pads, do not perform as well as asbestos, and could
jeopardize brake safety.

Three primary reasons for little or no development of substitutes
engineered for aftermarket brake systems that were designed for asbestos:

= developing adequate substitutes for a system designed
specifically for asbestos involves considerable technical
difficulty;

. no federal safety and performance standards exist for brakes

for the aftermarket; and

" producing and testing substitute formulations is very
expensive.

Disc brake pads (asbestos and non-asbestos) for heavy vehicles are a
small and relatively new market. Although disc brake pads were a small
percentage of heavy vehicle brakes in the past, these systems are increasingly
common for heavy vehicles. Except for the larger size, disc brake pads for
heavy vehicles are similar to those described for light/medium vehicles. To
date, disc brake pads for heavy vehicles are only used on the front wheels of
certain intermediate-sized trucks, 12,000-22,000 lbs. per axle. They can
never be used for the heaviest trucks.

Although non-asbestos semi-metallic pads have nearly always been used for
disc brakes for heavy vehicles in small proportions, in the past asbestos-
based pads were used to a greater extent. Asbestos disc brake pads for heavy
vehicles are now only used to replace worn asbestos pads in the aftermarket.
The switch to semi-metallic pads from asbestos pads is due to the high braking
temperatures generated in this application. Semi-metallic pads have superior
performance and service life at high temperatures.

Semi-metallic pads for heavy vehicles are made with the same ingredients
as those for light/medium vehicles and also may be made with or without an
underlayer.

Allied Automotive currently only produces semi-metallic disc brake pads
for heavy vehicles. 100 percent of the OEM and most of the aftermarket is
held by the semi-metallic pads. The cost of the semi-metallic pad is
approximately $12.50 per piece.

Brake blocks are brake linings used on the drum brakes of heavy vehicles
-- heavy trucks, buses, and heavy off-road vehicles. Heavy trucks range from
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moderately heavy, 12,000 -22,000 1bs per axle to very heavy, i.e., tractor
trailers and logging and mining trucks. The heavy-vehicle drum brake consists
of two curved metal "shoes" to which brake blocks are attached. Each shoe has
two blocks, a longer one (the anchor) and a shorter one (the can), resulting
in a total of four blocks per wheel. Each block is at least three-quarters of
an inch thick and covers 50° to 60° of the arc around the wheel. Each block
is riveted to the brake shoe.

Drum brakes for heavy vehicles are either air- or hydraulic-activated,
depending on the application. Tractor trailers always use air brakes and
medium-sized trucks normally use hydraulic brakes.

Allied Automotive is a relatively small manufacturer of brakes blocks,
producing only for the severe braking applications segment of the market
(i.e., logging and mining trucks). Allied produces both asbestos and non-
asbestos brake blocks in its Cleveland, TN plant.

For the vast majority of applications, i.e. heavy trucks and off-road
vehicles, excluding the super-heavy applications (logging and mining trucks),
the major group of substitutes are the non-asbestos organics (NAOs). The
major substitute for the super-heavy applications, which represent a very
small share of the total market, is the full-metallic block.

Allied is in the process of developing a non-asbestos, non-full metallic
block. NAO brake blocks have equivalent or superior performance and improved
service life relative to asbestos blocks. Allied produces full-metallic brake
blocks. These have improved performance over asbestos for extremely high
temperature ranges, and they have twice the service life of the asbestos
blocks. The price of Allied’s full metallic brake block is 83 percent more
than the price of its premium asbestos product.

In the event of an asbestos ban, NAO brake blocks will capture the
majority of the asbestos-based OEM. The choice of replacement in the
aftermarket is more difficult to estimate. Brake systems designed for
asbestos brake blocks should continue to use asbestos. Substitute linings
which were designed for the OEM, when used to replace worn blocks, do not
perform as well as asbestos, and could jeopardize brake safety.

4. Brake Systems (Reference #377, 406, and 435)

Brake Systems Inc., a division of Echlin, purchased Raymark's Stratford,
CT drum brake lining plant. Brake Systems also owns Echlin’s Dallas, TX plant
that was formerly owned by Raymark. The Echlin plant in Dallas, TX is a
secondary processor where linings are attached to brake shoes without any
additional processing.

Brake Systems also produces NAO drum brake linings.

Brake Systems purchased Raymark's Stratford, CT disc brake pad (1LMV)
plant. Brake Systems also produces a non-asbestos disc brake pad (ILMV) at
this plant. Brake Systems produces non-asbestos organic (NAO) pads as
substitutes for the asbestos pads but did not indicate it produces them in a
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sizable quantity.

Brake Systems only manufactures semi-metallic disc brake pads for heavy
vehicles at their Stratford, CT plant. This semi-metallic pad contains a very
small asbestos underlayer, however Brake Systems does not consider this an
asbestos_disc brake pad. Brake systems does not manufacture asbestos disc
brake pads for heavy vehicles.

5. Wheeling Brake Block (Reference #468)

Wheeling Brake Block in Bridgeport, CT phased out its production of
asbestos brake blocks in 1986. The firm currently manufactures non-asbestos
brake blocks. These include non-asbestos organics and full-metallic blocks.
Wheeling Brake Block only produces their full-metallic blocks in limited
quantities and in the past they have generally had poor performance compared
to asbestos blocks. However, they have been changing this product recently.

6. Department of Transportation (Reference #659)

This reference was not used in the text and will be deleted from the
reference list in the May RIA.

7. Essex Specialty Products (Reference #661)

Essex Specialty Products expects a significant decline in the asbestos
extruded sealant tape market over the next several years due to the
development of cost effective substitutes, particulary in the area of
automotive applications.

Essex produces structural urethane, a major substitute for asbestos
sealant tape. It is used to seal automobile windshields and has the a largest
share of the market for windshield sealers, 90 percent of the domestic OEM and
60 percent of the aftermarket. Essex expects the market share of the
structural urethane to increase and considers structural urethane to be
capable of replacing 100 percent of the windshield sealer market. Structural
urethane is expected to last 20 years. Its main advantages relative to other
sealers are its strength (sheer strength is 700-800 psi) and its lower cost.

8. MB Associates (Reference #666)

Due to the development of cost effective substitutes, there will be a
significant decline in the asbestos extruded sealant tape market over the next
several years.

9. Parr Incorporated (Reference #667)

Parr Incorporated produces cellulose-fiber tape as a substitute for
asbestos sealant tape. Parr’s tape is sold primarily for sealing windows on
mobile homes and recreational vehicles (RVs). It is less expensive than
asbestos tape, however it is not as strong or as heat resistant, and it has a
shorter service life. Its service life is fifteen years, and the service life
of the asbestos product is 20 years.
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E T Y SIONS

Due to reported health problems associated with the use of
asbestos, the Office of Toxic Substances has proposed a regulation to ban
the use of asbestos over a 10-year phase-down period. Since asbestos is
currently a critical constituent in some vehicle friction products, the
Environmental Protection Agency is interested in determining whether the
proposed ban could have adverse effects on vehicle braking safety.

In order to assess the potential effects of the proposed ban on
vehicle brake system operation and vehicle safety, a panel of individuals
knowledgeable in the various aspects of vehicle brakes and friction mate-
rials was assembled by the American Society of Mechanical Engineers (ASME).
The panel addressed technological issues associated with the removal of
asbestos from friction materials, specifically:

(1) Identification of substitute brakes and systems,

(2) Compatibility of the ban with motor vehicle safety standards,

(3) Problems associated with replacing asbestos friction mate-

rials in aftermarket vehicles, and

(4) Pace of research and commercialization and effects on phase-out,

This report addresses the technical issues related to the proposed
ban considered by the panel to be the most important.

Conclusions

Identification of stitute Brakes and Syst

Vehicle controllability during braking is affected by both driver
anJ brake system performance. Generally, vehicle front-to-rear braking
ratios are adjusted on a per-model basis to provide optimal braking. Too
much braking on an axle results in premature wheel lock-up, and this can
lead to loss of steering control (front lock-up) or spin-out (rear lock-
up). While the effectiveness of disc brakes is directly broportionaI to
pad-disc friztion levels, the effectiveness of drum brakes can be greatly
affected by changes in lining-drum friction. Friction materials that
exhibit reduced effectiveness also can result in brakes having insufficient
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torque needed to stop the vehicle. Different drum brake designs exhibit
dramatic differences in effectiveness.

Because disc brakes maintain effectiveness at high braking speeds,
4-wheel disc brakes have been used in the past on high performance Euro-
pean vehicles designed to operate at high speeds on unregulated European
highways. This is one reason behind the European use of 4-wheel disc
systems. In addition, non-asbestos drum brake materials for automobile
drum brakes have been difficult to qualify in the past. For these rea-
sons, several European automakers use 4-wheel disc brakes in conjunction
with semimetallic pad materials as a means of eliminating asbestos.

The majority of the automobiles sold in the United States now are
fitted with Tront disc brakes and rear drum brakes, and this trend will
most 1ikely continue for some time. Because of differences between quali-
fication standards, cost, driver preference, and driving conditions in
the United States and Europe, American and Japanese automakers are utilizing
rear drum brakes. Sufitable non-asbestos materials are not available for
all of these applications, and industry-wide substitution of non-asbestos
materials in all existing brake designs would require considerable develop-

ment. It 1s unrealistic to assume that all automakers will redesign 211
passenger car and truck braking systems around disc brakes in order to
utilize semimetallic materials.

ibild f ith Mot

The qualification of original equipment braking systems is regu-
lated under Federal Motor Vehicle Safety Standards (FMVSS) 105 and 121.
For many original equipment manufacturers, these requirements represent
minimal standards of performance, and supplemental qualifications cre
usually satisfied due to customer demand. Satisfactory compliance with
FNVSS 105 and 121 requires vehicle and inertial dynamometer test facilities
to evaluate brake system performance on a per-model basis. To test compli-
ance with these requirements, vehicle manufacturers submit brakiny systems
and friction products to numerous levels of qualification tests. No simple
bench-top tests are available to evaluate the performance characteristics
of friction materials or to demonstrate their compliance with Motor Vehicle
Safety Standards. Results obtained using scaled-down laboratory apparatus,
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such as friction material testing machines (FMNTM) or friction assessment
screening test (FAST) machines, have been shown to correlate poorly with
vehicle test results. The performance of aftermarket friction materials
is not regulated by law.

In comparison with current federal safety standards which specify
required stopping distances and deceleration, the proposed FNVSS 135 for
passenger cars and 1ight trucks will require front braking bias in the
event of a wheel lock-up during braking. This situation requires that
the front wheels lock-up before the rear wheels.

The adoption of FMVSS 135 and the failure to qualify rear brake
drum 1inings exhibiting consistent levels of friction over a wide range of
performance conditions may affect the design philosophy >f American and
Japanese automotive engineers. Forced to ensure front bias in the system,
automskers may move to using less effective disc brakes on the rear and
increasing the front-to-rear braking ratio to ensure consistent performance,
if proven rear 1ining materials are not found.

The substitution of unqualified non-asbestos friction materials
in the aftermarket poses the largest potential safety issue. Because
vehicle controllability during braking is strongly affected by friction
material performance, unqualified substitution of friction materials in
either vehicle disc pads or drum 1inings may have an adverse effect on
vehicle brake balance and controllability. A large number of older vehicles
in the United States have brake systems designed for asbestos friction
products. The use of unproven materials in place of proven asbestos mate-
rials in existing systems could result in a loss of vehicle controllability
during braking.

Currently, there are no required performance tests for aftermarket
hrake friction materials. In addition, most of the aftermarket, non-
asbestos material suppliers lack the facilities to evaluate their materials
under dynamometer and vehicle braking test conditions.

Non-asbestos friction materials that have been developed to date
have provided some new and unexpected failure modes and mechanisms due to
their unique combinations of new raw materials and manufacturirq processes.
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Mandating aftermarket non-asbestos friction materials for vehicles that
were originally equipped with asbestos-based 1inings could lead to a poten-
tially serious customer safety risk, unless stringent friction material
qualification specification tests are included.

a e

Non-asbestos friction material technology is advancing rapidly.
Several new asbestos-free car, light truck, and heavy vehicle brake systems
have been released for OEM applicatiors in the past 3 years. More new
vehicle brake systems will be released with non-asbestos friction materials
for the 1988 model year.

Adequate non-asbestos friction waterial formulations presently
are not available for all vehicle systems. However, at the present rate
of technical progress, most new passenger cars could be equipped with
totally non-asbestos frictional systems by 1991, and most 1ight trucks
and heavy trucks with S-cam brakes, by 1992. However, a few low-volume
new vehicle applications may not have acceptable non-asbestos friction
materials at that time. MHeavy truck wedge brake blocks, medium truck
drum brake 1inings and many off-road vehicle brake 1inings may not be
developed by 1992.

New classes of non-asbestos friction materials have unique compo-
sitions which may have unexpected failure mechanisms. In many cases,
unique failure modes are revealed only through extensive vehicle testing.

Numerous automobile, truck, and friction material manufacturers
responded with written comments to the Federal Register announcement of
the proposed EPA action. While most of the automobile and truck manufac-
turers were optimistic about the future availability of asbestos-free
materials, they were unanimous in their opposition to a proposed phase-
down schedule in which the amount of allowable asbestos would be phased
out over a 10-year period. Instead, they favored a S5-year lead time prior
to any ban. In addition, they were unanimously opposed to banning asbestos-
containing materials for older aftermarket vehicles. Although suitable
substitutes have been found for automobile front disc brakes, material
qualification for rear automobile drum brakes and medium truck drum brakes
is sti11 in progress.




Friction product manufacturers gave mixed response to the issues.
One manufacturer indicated that for many applications, suitable substitutes
are available, although for many vehicle applications no qualified materials
exist. Another manufacturer indicated that suitable substitutes were
produced by their company, although no FMVSS 105 or FNVSS 121 qualification
capabilities existed at their facility.

Recommended Future Work

Industry trends for the next 5 years appear to be directed toward
the elimination of asbestos in all new vehicles. For these applications,
the use of qualified non-asbestos friction materiais may not present a
vehicle safety problem over the l1ife of the friction product. Mowever,
the use of unqualified non-asbestos materials for the aftermarket still
remains a safety issue. If the eventual elimination of all asbestos in
friction products is to be accomplished, sdditional future studies are
required. Several possible research tasks are briefly outlined in the
following sections.

The purpose of this task would be to determine and project,
over the next 10 years, the general classes of brake designs found on
older vehicles (passenger cars and 1ight trucks, medium trucks, and heavy
trucks) that will require aftermarket friction materials. For example,
it would be useful to determine how many passenger cars in the
3000-3500 1b weight range are fitted with duo-servo drum brake and how
mony utilize leading-trailing drum brakes. In addition, the population
of vehicles having 4-wheel drum-brakes as opposed to rear wheel drum-front
wheel disc brakes could be determined. Thus, vehicle populations would
be assessed with respect to weight range. brake design, and front-to-rear
braking balance.

This information would help the EPA to determine where the quali-
fication of non-asbestos friction materials for the aftermarket would
have the greatest impact on asbestos elimination. For example, if the
results indicate that 80 percent of the passenger vehicles using asbestos




materials are fitted with duo-servo rear drum brakes and front disc brakes,
and are within the 3300-3800 1bs weight range, then the requalification

of non-asbestos materials for these vehicles would have the greatest impact
on asbestos elimination.

The purpose of this task would be to determine whether current
non-asbestos materials could be safely used in aftermarket vehicles designed
for use with asbestos friction products. This task would draw upon the
results of Task 1 by limiting the vehicle studies to these vehicles known
to represent the majority of vehicles now in service. In this way, the
study could he conducted in a more cost-effective manner.

This experimental study would use dynamometer and vehicle tests
to determine friction product effectiveness under vehicle service condi-
tions. The ability of brake systems and friction materials to satisfy
Federal motor vehicle safety standards would also be assessed.

This second task would determine (1) whether safe effective
substitute materials are available for some aftermarket appiications and
(2) what range of effectiveness currently exists among suppliers of after-
market non-asbestos materials,







1. INTRODUCTION

The Environmental Protection Agency, under the authority granted
by the Toxic Substance Control Act (TSCA), has proposed a ban on the pro-
duction and importation of asbestos and asbestos-containing products.
According to documents published in the Federal Register (Vol. 51, No.

19, Wednesday, January 29, 1986) the EPA has proposed several alternative
approaches to eventually eliminate or drastically reduce the amount of
asbestos used in the United States. The proposed actions apply to products
containing asbestos, as well as raw asbestos mined or imported for incor-
poration into products.

The proposed ban on asbestos would have a direct effect on fric-
tion materials used in automotive, truck, transit bus and train brake
systems. At the present time, many friction products contain asbestos.
Asbestos provides several performance attributes for the brake 1ining
both during its intended use as well as during its manufacture and assem-
bly. Removal of asbestos from these materials raises the following
questions:

(1) Wil asbestos-free friction products allow motor vehicles

to meet current and proposed braking standards?
Non-asbestos friction materials have added new complexi-

ties to brake system design and development because of their
new, different, and sometimes unexpected functional proper-
ties. Furthermore, brake system development work becomes
more difficult with the present shortage of fully evalu-
ated, documented non-asbestos brake lining formulations.
However, fully non-asbestos formulations for passenger
cars, light trucks, and heavy trucks have been produced
and more have been released for production. There is con-
siderable controversy whether acceptable asbestos-free
substitute friction materials have been found for some
vehicle brakes, in particular some of the larger passenger
car/medium truck drum brakes.




(2) Wi11 the use of asbestos-free materials require redesign of
braking components, such as actuation cylinders, distribution
valves, and reservoirs and accumulators, to permit safe use
of non-asbestos brake 1inings?

This question arises due to the proposed requirement
for applying asbestos-free friction materials to existing
vehicles that have braking systems designed for use with
asbestos-containing friction materials. When non-asbestos
friction materials are installed in existing vehicle systems
with no alteration of the rest of the braking system,
stopping distances may increase, required brake actuation
forces may increase, resistance to fade may decrease, and
undesirable braxe stability problems may arise.

It would appear to be prohibitively expensive to replace
brake system components to accommodate friction materials
with different frictional characteristics because of the
exteansive redesign and retesting required. To assess the
impact of the proposed ban, the feasibility will have to
be addressed for the direct replacement of asbestos brake
1inings on existing vehicles with non-asbestos friction
materials.

What schedule for asbestos phase-out can be implemented
without compromising vehicle braking performance and safety?

This question arises due to the possibility that in some
applications acceptable substitute materials may not be
available because of performance, manufacturability, or
profitability issues. For some specialized vehicles, the
market for friction products may be so small as to restrict
the profitability of developing and manufacturing suitable
asbestos-free friction materials and required associated
hardware,

Objectives of this study were to:
(1) Define the technological issues associated with the EPA's
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plan to disaliow th2 use of asbestos in automobile and truck
braking systems. Such issues would include:
® Identification of substitute brakes and systems,
. Influence of the ban on motor vehicle safcly standards,
. Problems associated with replacing asbestos brakes on
existing vehicles with alternative materials, and
Pace of research and commercialization as they affect
the proposed time for phase-out of asbestos.
Collect relevant technical information required to resolve
those issues.
Present the findings and conclusions of the siudy regarding
those issues where the state of existing knowledge is suffi-
cient to make a sound engineering judgement.
Define the 1imits of current knowledge and identify priority
research topics where available information is not sufficient
to draw firm conclusions.

This report addresses these and other issues created by the
proposed EPA action against asbestos. Section 2 of the report describes
venicle braking systems now in use in both on-highway and off-highway
vehicles. Table 1 lists the general vehicle classifications using these
braking systems and vehicle examples affected by the ban. Section 3 of
the report describes how friction materials are evaluated and qualified
for vehicle use under Federal Motor Vehicle Standards and Society of Auto-
motive Engineers (SAE) practices. Section 4 describes the performance of
the various friction products. Section 5 covers vehicle applications
affected by the proposed ban. Finally, Section 6 outlines the responses
of the sarious industries to the EPA's proposed ban.




TABLE 1.

n

WOTOR VENICLES AFFECTED BY PROPOSED BAN

#
Example

Vehicle Category

Representative Brake Systems

On hig
(Tow weight)

On highway
(high weight)

Off highway

Automobiles and
1ight trucks

Heavy trucks
Tractor-trailer
combinations
Buses

Concrete mixers
Tank trucks

Logging trucks
Nining trucks

e Agricultural

equipment

e § wheel drum

e Rear wheel drum and front
wheel disc

e § wheel disc

Hydraulic drum
S-cam air drum
Wedge air drum
Air disc

S-cam air drum
Air disc
det (oil) disc

f




2. REVIEM OF VENICLE BRAKING SYSTENS

2.1 Section Summary

A review of vehicle braking systems is presented in this section
and includes discussions of the performance requirements, factors influ-
encing performance, and general design characteristics of the main braking
systems. The main purpose of this section is to examine how vehicle braking
performance is affected by the friction characteristics of both pad and
Tining materials. This is of particular importance in the aftermarket in
which asbestos materials may be replaced with non-asbestos materials having
different frictional properties. The main points of the sectiun are:

. Vehicle brakes must provide consistent and dependabie per-
formance over a wide range of environmental and operating
conditions, causing complex design and development challenges
and necessitating performance tradeoffs.

Brake 1ining friction and wear characteristics, along with
thermal and mechanical properties, all affect the brake torque
output, especially with high-servo-factor drum brakes. The
performance of these brake systems, which are common on many
Amer ican-made automobiles, is especially sensitive to the
frictional properties of the brake lining material.

Vehicle controllability and stability during braking is depen-
dent upon the stability and consistency of the brake system.
For example, an alteration in the front-to-rear braking balance
due to a change in either the front or rear friction material
may decrease vehicle controllability. The use of friction
materials having different wear, stiffness, friction, or thermal
expansion characteristics may cause a degradation in braking
performance.

Structural and vibrational behavior of brake assemblies can

be significantly affected by the frictional, elastic, and
structural properties of the friction materials. Brake squeal
occurs when the brake and assoc fated structural components

are excited to vibrate due to friction. Some friction materials
naturally dawp or dissipate the vibration, while other mate-
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rials accentuate vibration. The tendency for squeal is deter-
mined mainly through vehicle testing because prediction by
snalytical means is difficult.

2.2 Braki e 1 ts

The primary requirement of a vehicle braking system is to provide
the capability to decelerate the vehicle in 2 controlled manner at an
scceptably high rate over the full range of in-service operating and envi-
ronmental conditions. The brake system must provide consistent and depend-
able frictional behavior for all reasonable conditions. These conditions
include:

. Environmental Conditions

- temperature

- humidity

- road conditions (debris, wet, oily, etc.)

- barometric pressure

- contamination level

Operating conditions

- vehicle speed

- vehicle trajectory

- tire condition

- brake system component condition
brake component temperatures
brake prior usage history
road condition and grade
traffic pattern

A conceptual schematic of a braking system is provided in
Figure 1. The figure 11lustrates the feedback control nature of @ braking
operation, in which the driver is a critical controlling element. The
driver must process information about this operating environment, based upon
which he must respond by depressing the foot pedal with a degree of effort
that he believes will decelerate the vehicle as he desires. The actual
braking performance of the vehicle depends upon several factors, the more
{fmportant of which are:
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FIGURE 1. SCHEMATIC OF GENERALIZED BRAKING SYSTEM




Accuracy of the driver's perception of the operating
enviroment ,

Dynamic response characteristics of the driver,
Predictability and relfiability of the total brake system,
Vehicle/road characteristics, and

Response characteristics of the braking system.

In order to stop a vehicle safely, the brake system shoula provide
repeatable, uniform deceleration for the same brake pedal input and provide
braking force in proportion to pedal force. Further, vehicle path direction
should be readily controllable by the driver during braking.

The Vimitation to decelerate a vehicle depends ultimately on
road/tire traction, which varies with wheel slip. MNaximum braking requires
the brake torque to be just enough so that the resulting wheel-slip gener-
ates peak traction force available at the tire-road interface. Excessive
brake torque causes a progressive increase in wheel slip and decrease in
adhesion, resulting in wheel lockup and skidding. Skidding may produce
on unsafe condition because directional control of the vehicle is reduced
substantially and stopping distances may be increased. Rear-wheel lock-
up during braking results in severe vehicle uncontrollability. For this
reason, current European braking standards and proposed American braking
standards require that in the event of wheel lock-up, the front wheels
must lock before the rear wheels. To ensure this condition throughout
the 1ife of the friction material, both front and rear brake system per-
formance must not be altered by friction material wear or by other changes
in the material friction characteristics. Changes in the friction material
properties, either due to replacing the brake shoes with different friction
materials, or due to wear, prior operating history, temperature, and load
effects, will change the response characteristics of the braking system.

2.3 Influence of Brake Friction Material
racteristics on Brake System Response

There are several scenarios in which an existing hydraulic or
pneumatic system would require modification or redesign to accommodate
changes in the properties of the brake friction material. These are summar-
fzed in Table 2. As indicated in the table, substitution of non-asbestos




friction materials for original asbestos 1inings requires characteriza-
tion of the substitute material properties, followed by an evaluation or
verification of the performance of the existing brake system with the
non-asbestos materials. Due to brake system design differences, this
sust be done on a model-by-model basis.

For new vehicles, non-asbestos friction materials may be incorpor-
ated into a new brake system design. Depending on the characteristics of
the non-asbestos friction materials, compared with those of the asbestos
materials, the new brake system design could involve minor modifications
of existing designs or completely new brake components.

In order to achieve adequata braking performance, brakes are designed
primarily on the basis of wear, stability, brake or shoe factor, (ratio
of brake torque to applied force) and pedal travel.(l) These parameters
are interrelated. For example, lining material thermal expansion may
require added running clearances to avoid parasitic drag. This then results
in the need for greater brake pedal travel, which may lead to a master
cylinder resizing. If pedal forces then become too great, a booster may
need to de added or increased in size. Some of these relations are dis-
cussed in the following sections.

2.4. Influence of Brake Design on Brake Effectiveness

—

As mentioned previously, it is important that a vehicle have the
ability to pe cacelerated rapidly and controllably during emergency braking.
Thus the response of the vehic'e to the driver's brake “"commands® must be
predictable, repeatable, and fast enough to stop the vehicle in a short
distance, but slow enough that the driver can respond effectively with
subsequent corrective braking and steering commands, e.g., to avoid skidding
or "fishtailing".

The relationships between braking (frictional) torque, applied
force, and the coefficients of friction have a strong influence on vehicle
stability. The parameter that most strongly affects the stability of brakes
fs the shoe or brake factor (also called effectiveness). The brake effec-
tiveness is defined as the ratio of the brake friction torque to the applied
force and is used commonly to describe the performance of brakes.
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TABLE 2. INFLUENCE OF SONE BRAKE LINING PROPERTY

Change of Brake
Lining Properties

Potential Response
of Brake System

CHANGES ON BRAKE SYSTEN RESPONSE WITH
BESIGN MODIFICATIONS TO CONPENSATE

Needed Design
Modifications

Lowar Friction
Coefficients

« Front brakes

« Rear brakes

- Both front/rear

WNigher Friction
Coefficients

= Front brakes

« Rear brakes

- Both front/rear

Poor Fade
Characteristics
- Green fade

« Thermal fade
- Water fade

- Flash fade

Inconsistent
Friction Level

- Green linings
= Usage history
= Wear depth

- Within batch

- Batch-to-batch

Environmental
Sensitivit

= Water/water vapor,
= Road dust

= 01ly contaminants
.t Oxide/rust effects

(e Lower Compression
Rodulus

. .:S:or Compress ion
Tus

e Nigher Thermal
Expans fon/Growth

* Lower Tensile
Strength

Ry Lower Toughness

e Greater Pedal Forces
Required, Leading to:
- Early rear skid
- Early front skid
= Low brake capacity

Lower Brake Pedal Force

Required, Leading to:
- Early front skid

- Early rear skid

= "Touchy" pedal

Wigh Brake Pedal
Force Required For:
- Initial hot brake
= Any hot brake,

= Wet brakes

- High speed stops

e Yaried Brake Pedal
Forces Needed With:
= New brake linings

Temperature change

Mileage driven

Brake imbalance

Car-car variations

Brake Pedal Force
Sensitive to:

= Humidity

- Dust pickup

- Road rain splash
- Moist storage

* Nigher Brake Pedal
Travel

e Noise and Uneven
Effectiveness

* Brake Dragging and
Hot-Spotting

. Lining Fracture,
r

Cast Iron Scoring

* Nandling Breakage

Lnr'or Booster or
Small Master Cyl.
- Big front w.c.

- Big rear w.c.
- System redesign

Smaller Booster/
Big Master Cyl.

- Small front w.c.
- Small rear w.c.
= System redesign

Recalibrate/Add

Booster

= Scorch linings
= Modify linings
- Shield brakes

- Modify linings

Change Linings/

Redes ign Brake

- Modify linings
Modify linings
Modify linings
Improve process
QC improvement

Change Linings/
Redesign Brake

- Modify linings

= Shield brakes

- Shield brakes

- Materials change

Redesign/Stiffen
Actuation System

Reduce Shoe/Drum
Stiffness

Add Clearance or
Thin Linings

Use More Rivets,
Bond/Mold Linings

Alter Processes




Figure 2a shows the forces acting in the shoes of a simple lead-
ing~trailing drum brake. As shown, the friction force on the leading
shoe causes it to be further loaded against the drum, increasing its effec-
tiveness, while the friction force on the trailing shoe causes it to oppose
the application force, decreasing its effectiveness.

In the duo-servo design, Figure 2b, the friction force of the primary
shoe is used to apply the secondary shoe, thereby markedly amplifying the
application force. The increase in brake loading due to friction is
referred to as self-actuation, and this phenomenon can be used to increase
the brake effectiveness. This design has been and still is used extensively
on American cars using asbestos-containing brake linings.

Although the phenomenon of self-actuation can increase brake
effectiveness, the effectiveness is strongly influenced by the frictional
properties of the 1ining material. Figure 3 shows the relationship between
brake effectiveness and lining friction coefficients for different drum
brake designs and for an automobile disc brake. Duo-servo drum brakes
are widely used in American automobiles, while leading-leading systems
are found on many transit buses and heavy trucks. Leading-trailing systems
are also found on most heavy trucks and on many automobiles. Assuming a
nominal friction coefficient of 0.4, a 12-percert change in friction coeffi-
cient can alter the brake effectiveness by approximately 44 percent for a
duo-servo drum brake, 33 percent for the leading-trailing drum brake, and
only 12 percent for a disc brake. Figure 3 also shows that for automobile
rear drum brake systems, friction materials qualified for use with duo-
servo systems may not perform satisfactorily when used with leading-trailing
systems. Conversely, materials qualified for use in leading-trailing
systems may precipitate rear wheel lock-up when used with a more effective
duo-serve system.

Aftermarket friction materials from different manufacturers can
exhibit a wide variance in friction characteristics. This can lead to
variable and unpredictable brake performance, even with materials containing
asbestos. Under current law, aftermarket friction materials do not have
to meet Federal Motor Vehicle Safety Standards.

As more major OEM friction material suppliers phase out asbestos
materials, the burden of supplying materials for the aftermarket will
fall on these secondary aftermarket suppliers. Under the proposed ban on
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asbestos-based linings, the brake system engineer would have two choices.
First, the drum brake could be redesigned and redeveloped for acceptable
performance with non-asbestos linings. Second, the designer could wait
for a Vining formulation to be developed that can be used directly in
existing drum brake designs. This is a critical decision. Redesign of a
brake assembly is costly, time consuming, and probably unrealistic. How-
ever, waiting for the development of a suitable universal non-asbestos
replacement friction material--that has yet to be made--involves the risk
of not having acceptable aftermarket components {f asbestos-based brake
linings are banned.

For drum brakes of the same design, the use of different materials
exhibiting similar friction coefficients is not sufficiunt to ensure corn-
sistent and even braking throughout the 1ife of the material. The use of
4 material that exhibits different wear or thermal properties can be suffi-
cient to change the effectiveness of the brake system. Figure 4 shows the

variation in effectiveness for the same brake design but for different
brake 1ining pressure distributions. Note that large changes of brake
effectiveness are possible for the same value of friction coefficient due
to the effect of lining pressure distribution.

Several factors can lead to uneven and inconsistent brake 1ining-
brake drum pressure distribution, but the most significant are wear and
thermal distortion. Wear tends to shift the center of pressure location.
Thus, substitute friction materials with different wear rates from the
original asbestos materials may also influence stability by changing the
center of pressure. A reduction in brake effectiveness, or an increase
in brake effectiveness leading to wheel lock-up, could be possible conse-
quences of improper friction material selection.

The profiles of the brake 1inings also are affected by thermal
distortion. Brake 1ining expansion through the friction material thickness
is often much greater for non-asbestos brake 1ininos, and these friction
materials also tend to be much stiffer. Therefore, the contact geometry
and pressure distributions will be different, which can affect the friction
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forces generated at the contact area, especially on the larger drum brake
assemblies. For this reason, friction materials with higher thermal expan-
sfon rates may cause inconsistent braking performance, especially with
varying brake temperatures.

An added complication results from the greater thermal expansion
rate and compression stiffness of many non-asbestos friction materials.
This 1s called hot-spotting, a thermoelastic instability that causes the
1ining pressure distributions to become localized, with resultant high
thermal stresses and erratic friction values. The basic principles are
simple, but the total system effects can be extremely complex.

For example, one particular brake 1ining location may have a greater
clamping Toad than average, providing greater friction and heat generation.
This causes that location to expand, further increasing its excess load.

If the 1ining wear rate 1s low, this cycle can coatinue for some time,
leading to the formation of a hot spot. Hot spotting tends to occur during
Tow temperature brake usage, with 1ignht brake applications, and during
braking from highway speeds. Since this brake usage is not severe, it can
inadvertently be overlooked in the early stages of the brake development

process.

2. ssues of Friction-I
se

Vehicle braking systems generally include several structural
components, e.g., calipers, pedal linkages, etc. Forces generated during
braking can cause high stresses in these brake components and in vehicle-
associated components, e.g., axles and suspension elements. These stresses
result from the nominal braking torque as well as from thermal and other
dynamic loads. Sufficiently large dynamic and thermal stresses superimposed
on the nominal braking stresses might promote fractures or fatigue failures
in some vehicle structures, which then could result in an unsafe operating
conditions. The brake friction material properties strongly influence

the dynamic behavior of the vehicle structure during braking because these
properties determine the magnitude and frequency of the braking torques
generated at the friction interface. For example, phenomena such as brake
squeal, chatter, and groan produce structural vibrations of vehicle com-




ponents which may be either reduced or increased by substituting different
brake friction materials. The influence of a particular braking material
on structural vibrations depends strongly upon the specific brake system
design. Therefore, replacement materials should be evaluated carefully
for critical vehicle applications.

Another structural consideration occurs in attaching the friction
material to the brake shoe. This can be done by riveting, bonding, or
integrally molding the lining to the brake shoe. Non-asbestos 1inings
generally are stiffer, more brittle, and more highly anisotropic, 1.e.,
their properties are sensitive to orientation, which can provide attachment
challenges.

Friction-induced vibration and noise can occur under some condi-
tions with vehicle braking systems. The phenomenon has received consider-
able attention, and attempts are normally made to quantify the parameters
that influence its initiation. In the final analysis, however, this phe-
nomenon s usually evaluated experimentally on a model-by-model basis.

Although the principle of sliding frictior is extremely compli-
cated and not totally understood at the present time, it is known that
friction is not a steady-state process. Vibration occurs because of this
variation in friction force in the related components. It is also known
that friction-induced vibration occurs via several different yet distinct
mechanisms. It is possible to have more than one vibration-exciting
mechanism active at a given time. This makes brake vibration corrections
complex. Some non-asbestos friction materials tend to be more prone to
generate friction excited osciliations, for as yet uncertain reasons. II
is felt that their generally greater energy storage modulus (stiffness)
and lower energy loss modulus (dampening) are probable sources of greater
tendencies for vibration and noise. Asbestos is much 1ike many strands
of rope in a brake lining formulation, although much finer in size. This
‘s believed to provide the greater inherent dampening of asbestos friction
materials. Fiberglass, aramid fiber (Kevlar), steel wool, wolastonite,
and other non-asbestos reinforcing fibers typically are found as single
s011d elements, contributing minimally to the 1ining damping factor.

To clarify some of the mechanisms of friction-induced vibration,
the following sections discuss these mechanisms in more detail.




At Tow brake application speeds, it is possible for the brake 1ining
and drum or disc to stick together for a short time, twisting up the vehicle
suspension assembly. When the restoring torque builds up to the static
breakaway valus, the 1ining again slips against the drum/disc. This stick
and s1ip cycle repeats rapidly, generating brake chatter, groan, or squea)
vibration. This mechanism is attributed to a difference in the static and
kinetic frictional torques and the spring-like restoring forces acting on
brake components. The stick-slip mechanism produces a self-excited vibra-
tion with displacement-versus-time characteristics similar to a saw-shape
form. This 1s the usual mechanism for low-speed brake chatter, although

it can also exist in the form of a higher frequency squeal.

2,6.2 WNagative Slope of the Friction Velocity Curye

This vibration inducing mechanism arises from & negative slupe of
the friction-versus-sliding velocity curve characteristic of certain mate-
rials in specific speed ranges. This causes instability in the system

and excites vibrating components into nearly sinusoida! waveforms. An
explanation 1s based on observations that the brake drum or rotor surface
roughness asperities require a finite amount of time to produce equilibrium
deformation of the brake 1ining material. The time that is availablie to
deform the 1ining is decreased with increasing speed, restricting the

time to compress the asperities in the friction material. Thermal effects,
such as interfacial softening and changes of the chemical composition of
surface layers, also have been offered as an explanation for the cause of
the negative slope of friction versus velocity.

The almost standard use of front wheel disc brakes for automobiles
has been due to some performance characteristics provided by th.s design.
Because these hrakes and the friction materials used with them (notably
semi-metallics) can operate at higher temperatures than drum brakes, the




vehicle's braking balance can be shifted toward the front, reducing the
1ikelihood of rear wheel lock-up during severe braking conditfons. In
asddition, since sutomobile front brakes are exposed to water, disc drakes
provide for more effective wet braking under many road conditions.

Many European automobiles imported to the United States have been
fitted with 4-wheel disc brakes. There appears to be three reasons for
fmplementing these brake systems. First, the effectiveness of disc brakes
s less affected by friction material performance than the effectiveness
of drum brakes. Since European safety standards require front brake biasing
to prevent rear wheel lock-up, this situation is more readily ensured by
using similar brakes on all four wheels and adjusting the front-rear
pressure proportioning valve accordingly. Front brake biasing can be
accomplished with vehicles outfitted with rear drum brakes, but the drum
brakes require friction materials that exhibit very stable friction
performance in order to ensure consistent performance (Figure 3). Second,
in the absence of suitable non-asbestos 1inings, some European manufacturers
elected to use proven semi-metallic materials and disc brakes s a means
of eliminating asbestos. Third, in the United States, there is a perceived
performance advantage pruvided by the term “d-wheel disc brakes", and so
such systems are usually provided on higher priced imports. More inexper
sive automobiles produced for wide-spread consumption in Europe (Fiat,

W, Renault, etc.) are still equipped with resr wheel drum brakes.

Rear wheel disc brakes have disadvantages. Currently used mate-
rials, semi-metallics, exhibit poor friction performance at Tow temperatures
and optimum performance at high temperatures. The effectiveness of the
parking brake can be adversely affected, since these brakes are usually
applied when the brakes are hot and then required to hold as the brakes
cool down. Also, the pad-disc normal load for the parking brakes can
decrease as the pads cool down and contract from their hot, expanded geome-
try. The rear disc braking surfaces also are more prone to contamination
by mud and road debris thrown fr-m the front wheels.




TION OF FRICTION WATERI RF

1 tion

The performance of friction materials, as applied to automotive
brake systems, is reviewed in this section along with the pertinent friction
material testing devices and relevant testing procedures and standards.

Main points presented are:

Friction materials are expected to perform satisfactorily
over a wide range of operating and environmental conditions
as an important element of the total brake system.

Many critical performance considerations, such as fade and
fade recovery, are sensitive both to the friction material
and to the brake system in which it is tested. Therefore,
full-system testing is required for proper evaiuation.
Friction stability can vary with both thermal and mechanical
history. Therefore, short-term evaluations and those with
nerrow ranges of brake temperatures can produce incomplete
data leading to erronecus conclusions on brake compatibility
and performance.

Laboratory specimen test machines, such as FAST and FNTN,
may be appropriate for quality control tests and material
screening, but they are not able to determine the accepta-
bility of substitute friction materials or to compare dif fer-
ent friction materials.

" Full brake inertial dynamometers, properly instrumented and

utilized, can be used to screen friction materials and
determine some component performance behavior. Typically,
these large and expensive devices do not adequately simulate
the airflow over the brake and the environmental conditions
of vehicle service.

Good brakes are 